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(57) ABSTRACT 

A driving method for dynamically driving a field sequential 
color liquid crystal display is characterized in that a backlight 
includes at least two or more different colors, a plurality of 
fields constitute one frame, each field includes Scanning time, 
non-scanning time of COMs and the time when the backlight 
is turned off. All liquid crystal pixels are driven by scanning 
each COM in a certain order during the scanning time. The 
non-scanning time is the time during which all liquid crystal 
pixels are not driven while the backlight continues to be bright 
after the scanning time. The time when the backlight is turned 
off is the time when all liquid crystal pixels are not driven 
while the backlight is turned off after the non-scanning time. 
The sum of two kinds of time mentioned above is larger than 
or equal to 1 mS and less than or equal to 10 ms. 
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DRIVING METHOD FOR DYNAMICALLY 
DRIVINGA FIELD SEQUENTIAL COLOR 

LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE PRESENT INVENTION 

0001 1. Field of Invention 
0002 The present invention relates to a driving method for 
dynamically driving a field sequential color liquid crystal 
display by passive arrays. 
0003 2. Description of Related Arts 
0004 Field sequential color liquid crystal display gener 
ally divides a color image (frame) into three images (fields) 
with red (R), green (G), and blue (B) in sequence based on 
time, and then Switches those images (fields) in sequence at 
high-speed to form a color image (frame). If three primary 
colors i.e. R, G, and B are used, the time for which each field 
is shown will be /3 of the time for which one frame is shown, 
i.e., three fields constitute one frame period. If two or four 
colors are used, the time for which each field is shown will be 
/2 or /4 of the time for which one frame is shown, i.e., two or 
four fields constitute one frame period, and so on. On the 
other hand, the driving method for a liquid crystal display 
primarily consists of two ways, i.e., active arrays driving and 
passive arrays (or simple arrays) driving. The latter is also 
referred as dynamical driving, with multiple COMs and mul 
tiple SEGs being intersected and forming the arrays. When a 
certain COM is being scanned, a selected voltage (ON Volt 
age) will be applied on the liquid crystal pixels which are 
selected by the SEG voltage, and an unselected voltage (OFF 
Voltage) will be applied on the unselected liquid crystal pix 
els. 
0005. The general structure of the existing dynamic driven 
field sequential color liquid crystal display includes a liquid 
crystal display screen, a backlight, a backlight driver and a 
liquid crystal display Screen driver, wherein the backlight is 
set at the bottom of the liquid crystal display screen, and the 
backlight driver and the liquid crystal display screen driver 
drive the backlight and the liquid crystal display Screen 
respectively. For the driving method for dynamically driving 
a field sequential color liquid crystal display, FIG. 20 is an 
example of driving with /2 duty cycle in a positive type (the 
liquid crystal screen presents a transmission state in the case 
of OFF voltage). Obviously, there are also similar issues 
below for driving with other duty cycles. As illustrated, when 
the same red driving waveforms are input from COM1 and 
COM2 respectively, the liquid crystal pixels are turned on 
within the red-light district and turned off within the cyan 
light district. In order to eliminate the DC component, the 
polarities of the driving waveforms in the same field are 
reversed at least once. Because there is a delay response time 
for the liquid crystal materials relative to the driving Voltage, 
when the ON or OFF voltage is applied on the liquid crystal 
pixels, there are one descendant area and one ascendant area 
of the light transmission intensity thereof corresponding to 
the ON response time or the OFF response time, and the main 
factor affecting the uniformity of color is the ascendant area 
(i.e., the dotted line in the figure, which is referred as the 
amount of light leakage). As the COM1 and COM2 are in 
different periods of time, the ascendant area for the COM1 is 
in the cyan area, and the ascendant area for the COM2 is in the 
red area. Although the red of COM1 has cyan components, 
the red transmission intensity for COM1 is larger than that for 
COM2, and the amount of cyan light leakage for COM1 is 
less than that for COM2. Thus, it results in the red of COM1 
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and the red of COM2 in the same image being different. Of 
course, the same cases will occur when other colors are 
shown. If the negative type is used (the liquid crystal screen 
presents transmission state in the case of ON Voltage), as 
shown in FIG. 21, when the driving waveforms with the same 
color such as red driving waveforms are input from COM1 
and COM2, the red descendant area for COM2 will be in the 
Subsequent cyan area, while there will be no cyan light leak 
age for COM1. This causes the cumulative light transmission 
intensities of each color of the COM1 and COM2 to be 
different, which ultimately results in the illustrated red be 
different. Consequently, both the purity and uniformity of the 
colors are changed, and the uniformity of the brightness for 
the display is also changed with them. If such displays with 
other duty cycles such as /3, 4, /s, ... , 1/N are used, there 
will also be similar issues. 

SUMMARY OF THE PRESENT INVENTION 

0006. The purpose of the present invention is to overcome 
the above drawbacks, and provide a driving method for 
dynamically driving a field sequential color liquid crystal 
display by passive arrays, wherein the colors of liquid crystal 
pixels of all COMs shown in the same field are essentially the 
same so as to enhance the purity of color if the driving wave 
forms are identical. 
0007 Another purpose of the present invention is to 
improve the uniformity of color of the field sequential color 
liquid crystal display dynamically driven by passive arrays. 
0008 Still another purpose of the present invention is to 
improve the uniformity of brightness of the field sequential 
color liquid crystal display dynamically driven by passive 
arrays. 
0009 Still another purpose of the present invention is to 
reduce the lowest frequency with which the field sequential 
color liquid crystal display dynamically driven by passive 
arrays does not flicker. 
0010 Still another purpose of the present invention is to 
reduce the cross-effect of the field sequential color liquid 
crystal display dynamically driven by passive arrays. 
0011. A first solution for the above technical problem is to 
provide a driving method for dynamically driving a field 
sequential color liquid crystal display, characterized in that in 
the field sequential color liquid crystal display dynamically 
driven by passive arrays with a backlight at least comprising 
two or more different colors, a plurality of fields constitute 
one frame, with each field comprising scanning time and 
non-scanning time of COMs, and the driving for all liquid 
crystal pixels is implemented by Scanning each COM in a 
certain order during the Scanning time, with the non-scanning 
time referring to the time during which all liquid crystal pixels 
are not driven (i.e., no ON Voltage is applied on all liquid 
crystal pixels) while the backlight continues to be bright after 
the scanning time, and the non-scanning time being between 
1 and 10 ms. 
0012 A preferable non-scanning time is between 1 and 4 
ms. If the non-scanning time is less than 1 mS, the effect will 
not be obvious when the response speed of the liquid crystal 
is not fast, while if the non-scanning time is larger than 4 ms. 
the scanning time for the COMs will be too short in the case 
of a plurality of color fields, and the driving voltage will need 
to be increased. 
0013. It should be noted that, the passive arrays are relative 
to the active arrays, with the active arrays adding a Switch 
element to each pixel, which typically is a TFT element. 
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When the TFT elements are used, the driving voltage for 
liquid crystal pixels of all COMs after being scanned contin 
ues to be maintained. While the passive arrays have no TFT 
elements, and the driving Voltage for liquid crystal pixels of 
each COM after being scanned is no longer to be maintained, 
thus resulting in the processes of being retrieved from pres 
Sure status to non-pressure status for liquid crystal pixels of 
different COMs being in different periods of time. It makes 
the liquid crystal pixels of COMs at the end of the scan cannot 
implement the process of being retrieved from pressure status 
to non-pressure status in the same field as the liquid crystal 
pixels of other COMs. Thus, the length of the non-scanning 
time should be modified based on the OFF response time of 
liquid crystals in the liquid crystal display, so as to make the 
cumulative light transmission intensities for all liquid crystal 
pixels in each field be essentially the same. 
0014. In this method, each COM is scanned two or more 
times during the scanning time of the same field, and the 
scanning sequences of the two adjacent scans are opposite. 
0015. Alternatively, in two adjacent frames, the scanning 
sequences of each COM during the scanning time of the field 
corresponding to the backlight with the same color are oppo 
site. 
0016. The non-scanning time is set after the scanning time. 
0017. The voltages between all COMs and SEGs during 
the non-scanning time are equal to or less than OFF Voltage, 
regardless of the field sequential color liquid crystal display 
dynamically driven by passive arrays is in a positive type or 
negative type, being preferably zero voltage. OFF voltage is a 
Voltage which is applied on liquid crystal pixels when not 
selected. Although this Voltage is not enough to drive the 
liquid crystal pixels, it is possible to enhance the cross effects 
of the unselected liquid crystal pixels when the number of 
COMs is increased, thus affecting the display effect. Conse 
quently, it is preferably to minimize the Voltages between all 
COMs and SEGs during the non-scanning time, being pref 
erably zero voltage. It should be noted that, although the 
voltages between all COMs and SEGs during the non-scan 
ning time may be Zero Voltage, the respective waveforms of 
the COMs and the SEGs may also be comprised of wave 
forms with positive and negative polarities in order to reduce 
the DC components on liquid crystal pixels. 
0018 When the backlight has two colors, both colors are 
complementary, i.e., being white when being illuminated at 
the same time. Alternatively, the colors of the backlight are 
red, green and blue. 
0019. The time when the backlight is turned on lags 
behind the start time when the COM initially scanned, with 
the delay of the time when the backlight is turned on being 
between 0.5 and 2.0 ms. 

0020. The inverse of the duty cycle of the driving wave 
form for the field sequential color liquid crystal display 
dynamically driven by passive arrays is equal to the actual 
number of COMs for the display. 
0021. The inverse of the duty cycle of the driving wave 
form for the field sequential color liquid crystal display 
dynamically driven by passive arrays is larger than the actual 
number of COMs for the display. 
0022. During the scanning time when the color liquid 
crystal display is showing one image, each of the backlights is 
displayed once, while the times for which the crystal pixels 
are Switched in the same color area of the backlight are larger 
than or equal to twice. 
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0023. Although in the above solution the method for add 
ing non-scanning time after the scanning time of the dynami 
cally driven field sequential color liquid crystal display can 
improve the uniformity of the display colors for the display, 
there are certain drawbacks for the dynamically driven field 
sequential color liquid crystal display in terms of display 
contrast and purity of color, which need to be further 
improved. The reason is that when the OFF response time of 
the liquid crystal pixels is longer, the corresponding non 
scanning time required to be lengthened. As the liquid crystal 
pixels are not driven and the backlight continues to be turned 
on during non-scanning time, the liquid crystal pixels which 
need to be turned off originally can not be effectively turned 
off when being in positive type, while having light leakage for 
a longer period of time, which make the color of the overall 
image too weak and the contrast not good. Of course, there is 
a similar problem with the negative type. 
0024. To this end, a second solution is further provided in 
the present invention, which is a driving method for dynami 
cally driving a field sequential color liquid crystal display, 
characterized in that in the field sequential color liquid crystal 
display dynamically driven by passive arrays with a backlight 
at least comprising two or more different colors, a plurality of 
fields constitute one frame, with each field comprising scan 
ning time, non-scanning time of COMS and the time when the 
backlight is turned off, and the driving for all liquid crystal 
pixels is implemented by Scanning each COM in a certain 
order during the Scanning time, with the non-scanning time 
referring to the time during which all liquid crystal pixels are 
not driven (i.e., a Voltage less than or equal to OFF Voltage or 
equal to Zero Voltage is applied on all liquid crystal pixels, the 
same hereinafter) while the backlight continues to be bright 
after the scanning time, the time when the backlight is turned 
off referring to the time when all liquid crystal pixels are not 
driven (i.e., a Voltage less than or equal to OFF Voltage or 
equal to Zero Voltage is applied on all liquid crystal pixels, the 
same hereinafter) while the backlight is turned off after the 
non-scanning time, and the Sum of the non-scanning time and 
the time when the backlight is turned offbeing between larger 
than or equal to 1 mS and less than or equal to 10 ms. 
0025. The sum of the non-scanning time and the time 
when the backlight is turned off is preferably between larger 
than or equal to 1 mS and less than or equal to 5 ms. 
0026. It should be noted that, the passive arrays are relative 
to the active arrays, with the active arrays adding a Switch 
element to each pixel, which typically is a TFT element. 
When the TFT elements are used, the driving voltage for 
liquid crystal pixels of all COMs continues to be maintained 
after being scanned. While the passive arrays have no TFT 
elements, and the driving Voltage for liquid crystal pixels of 
each COM is no longer to be maintained after being scanned, 
thus resulting in the processes of being retrieved from pres 
Sure status to non-pressure status for liquid crystal pixels of 
different COMs being in different periods of time. It makes 
the liquid crystal pixels of COMs at the end of the scan cannot 
implement the process of being retrieved from pressure status 
to non-pressure status in the same field as liquid crystal pixels 
of other COMs. Thus, the length of the non-scanning time 
should be modified based on the OFF response time of liquid 
crystals in the liquid crystal display, so as to make the total 
amount of light leakage (the definition thereof will be illus 
trated in the following specific embodiments in conjunction 
with FIG. 10) for all liquid crystal pixels in each field be 
essentially the same. 
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0027. However, when the OFF response time of the liquid 
crystal pixels is longer, the corresponding non-scanning time 
required to be lengthened. As the liquid crystal pixels are not 
driven and the backlight continues to be turned on during 
non-scanning time, the liquid crystal pixels which need to be 
turned off originally can not be effectively turned off when 
being in positive type, while have light leakage for a longer 
period of time, which make the color of the overall image too 
weak and the contrast not good. Of course, there is a similar 
problem with the negative type. In order to improve the above 
problems, the time when the backlight is turned off is further 
added after the non-scanning time, with the time when the 
backlight is turned off referring to the time when all liquid 
crystal pixels are not driven while the backlight is turned off 
after the non-scanning time. The drawbacks that the colors of 
the overall image are too weak and the contrast is not good can 
be improved by adjusting the time when the backlight is 
turned off. Experiments show that this method is effective. 
0028. The time when the backlight is turned off is prefer 
ably less than or equal to the length of the non-scanning time. 
If the time when the backlight is turned off is too long, it will 
be possible to excessively reduce the length of non-scanning 
time, thus resulting in the colors of the image being non 
uniform. 
0029. However, although the non-scanning time is slightly 
reduced, it is possible to cause a problem that the color of the 
image which originally is uniform being slightly non-uni 
form. Consequently, in order to solve this problem, a driving 
method is provided to improve the non-uniform, that is, each 
COM is scanned two or more times during the Scanning time 
of the same field, and the scanning sequences of the two 
adjacent scans are opposite, alternatively, in two adjacent 
frames, the scanning sequences of each COM during the 
scanning time of the field corresponding to the backlight with 
the same color are opposite. 
0030. After the non-scanning time is set after the scanning 
time, the time when the backlight is turned off is set after the 
non-Scanning time. 
0031. The voltages between all COMs and SEGs during 
the non-scanning time are less than or equal to OFF Voltage, 
regardless of the field sequential color liquid crystal display 
dynamically driven by passive arrays is in a positive type or 
negative type, preferably being Zero Voltage. OFF Voltage is a 
Voltage which is applied on liquid crystal pixels when not 
being selected. Although this Voltage is not enough to drive 
liquid crystal pixels, it is possible to enhance the cross effects 
of the unselected liquid crystal pixels when the number of 
COMs is increased, thus affecting the display effect. Conse 
quently, it is preferably to minimize the Voltages between all 
COMs and SEGs during the non-scanning time and the time 
when the backlight is turned off, being preferably Zero volt 
age. It should be noted that, although the Voltages between all 
COMs and SEGs during the non-scanning time and the time 
when the backlight is turned off may be zero voltage, the 
respective waveforms of the COMs and the SEGs may also be 
comprised of waveforms with positive and negative polarities 
in order to reduce the DC components on liquid crystal pixels. 
0032. The field sequential color liquid crystal display 
dynamically driven by passive arrays is a dynamically driven 
field sequential color liquid crystal display with a frame rate 
being between 45 Hz and 80 Hz. 
0033. The liquid crystal display is any one of TN, STN, 
HTN, OCB and VA types of non-bistable state, dynamically 
driving field sequential color liquid crystal displays. 
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0034. When the backlight has two colors, both colors are 
complementary, i.e., being white when being illuminated at 
the same time. Alternatively, the colors of the backlight are 
red, green and blue. 
0035. The field sequential color liquid crystal display 
dynamically driven by passive arrays includes a liquid crystal 
display screen, a backlight, a backlight driver and a liquid 
crystal display screen driver, with the backlight being set at 
the bottom of the liquid crystal display screen, and the back 
light driver and the liquid crystal display screen driver driving 
the backlight and the liquid crystal display screen respec 
tively. 
0036. The time when the backlight is turned on lags 
behind the start time when the COM is initially scanned, and 
the delay of the time when the backlight is turned on is 
between larger than or equal to 0.5 ms and less than or equal 
to 2.0 ms. 
0037. The inverse of the duty cycle of the driving wave 
form for the field sequential color liquid crystal display 
dynamically driven by passive arrays is equal to the actual 
number of COMs for the display. 
0038. The inverse of the duty cycle of the driving wave 
form for the field sequential color liquid crystal display 
dynamically driven by passive arrays is larger than the actual 
number of COMs for the display. 
0039. During the scanning time when the color liquid 
crystal display is showing one image, each of the backlights is 
displayed once, while the times for which the crystal pixels 
are Switched in the same color area of the backlight are larger 
than or equal to twice. 
0040. In the present invention, each COM in the same field 

is scanned, besides the scanning time for the COM, the non 
scanning time is also added in each field, and the backlight 
continues to be bright, thus, this can effectively prevent the 
ascendant area (positive type) or descendant area (negative 
type) of the transmission intensity of the last driving wave 
form after being powered down from extending to other color 
areas in the vicinity, so as to make the cumulative transmis 
sion intensity of all liquid crystal pixels in each field be 
essentially the same, significantly enhance the consistence of 
display colors for Such displays, enhance the uniformity of 
the purity and intensity of the colors, and reduce the lowest 
frequency with which the field sequential color liquid crystal 
display dynamically driven by passive arrays does not flicker. 
In addition, in the present invention, each COM in the same 
field is scanned, besides the scanning time and non-scanning 
time for the COM, the time when the backlight is turned off is 
also added after the non-scanning time in each field, thus 
increasing the purity and contrast of colors with the display 
colors of all liquid crystal pixels in each field being relatively 
consistent, and enhancing the display effect of the field 
sequential color liquid crystal display dynamically driven by 
passive arrays. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1A is a principle illustration for a driving wave 
form of B waveform driven by 4 duty cycle in the positive 
type according to a first Solution of the present invention. 
0042 FIG. 1 is a principle illustration for a driving wave 
form in the positive type of B waveform driven by /2 duty 
cycle according to the first Solution of the present invention. 
0043 FIG. 2 is a principle illustration for a driving wave 
form in the positive type of B waveform driven by /3 duty 
cycle according to the first Solution of the present invention. 
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0044 FIG. 3 is a principle illustration for a waveform in 
the positive type of B waveform driven by /2 duty cycle 
according to the first Solution of the present invention, with 
the scanning sequences for the same color in two adjacent 
frames are opposite. 
0045 FIG. 4 is a principle illustration for a waveform in 
the positive type of B waveform driven by /3 duty cycle 
according to the first Solution of the present invention, with 
the scanning sequences in the same field are opposite. 
0046 FIG. 5 is a principle illustration for a waveform in 
the positive type of B waveform driven by /2 duty cycle 
according to the first Solution of the present invention, with 
the scanning sequences in the same field are opposite, and the 
scanning sequences for the same color in two adjacent frames 
are also opposite. 
0047 FIG. 6 is a principle illustration for a waveform in 
the positive type of B waveform driven by /3 duty cycle 
according to the first solution of the present invention, the 
scanning sequences in the same field are opposite, and the 
scanning sequences for the same color in two adjacent frames 
are also opposite. 
0048 FIG. 7 is a principle illustration for a driving wave 
form in the negative type of A waveform driven by /2 duty 
cycle according to the first Solution of the present invention. 
0049 FIG. 8 is a principle illustration for a driving wave 
form in the positive type for a display with /3 duty cycle 
which is driven by a driving waveform with 4 duty cycle 
according to the first solution of the present invention. 
0050 FIG. 9 is a principle illustration for a driving wave 
form in the negative type for a display with 73 duty cycle 
which is driven by a driving waveform with /4 duty cycle 
according to the first solution of the present invention. 
0051 FIG. 10 is a principle illustration for a driving wave 
form in the positive type of B waveform driven by /2 duty 
cycle according to a second solution of the present invention 
(bicolor backlight). 
0052 FIG. 11 is a principle illustration for a driving wave 
form in the positive type of B waveform driven by /2 duty 
cycle according to the second solution of the present inven 
tion (three-color backlight). 
0053 FIG. 12 is a principle illustration for a waveform in 
the positive type of B waveform driven by /2 duty cycle 
according to the second solution of the present invention, with 
the scanning sequences for the same color in two adjacent 
frames are opposite. 
0054 FIG. 13 is a principle illustration for a waveform in 
the positive type of B waveform driven by /3 duty cycle 
according to the second solution of the present invention, with 
the scanning sequences in the same field are opposite. 
0055 FIG. 14 is a principle illustration for a waveform in 
the positive type of B waveform driven by /2 duty cycle 
according to the second solution of the present invention, with 
the scanning sequences in the same field are opposite, and the 
scanning sequences for the same color in two adjacent frames 
are also opposite. 
0056 FIG. 15 is a principle illustration for a waveform in 
the positive type of B waveform driven by /3 duty cycle 
according to the second solution of the present invention, with 
the scanning sequences in the same field are opposite, and the 
scanning sequences for the same color in two adjacent frames 
are also opposite. 
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0057 FIG.16 is a definition illustration for total amount of 
light leakage of the driving waveform in the positive type of B 
waveform driven by /2 duty cycle illustrated in FIG. 10 (bi 
color backlight). 
0.058 FIG. 17 is a color illustration according to the 
present invention, with a backlight comprising two groups of 
colors and liquid crystal pixels being Switched twice in the 
same color area. 
0059 FIG. 18 is a color illustration according to the 
present invention, with a backlight comprising three groups 
of colors and liquid crystal pixels being Switched twice in the 
same color area. 
0060 FIG. 19 is a color illustration according to the 
present invention, with a backlight with three groups of colors 
and liquid crystal pixels being Switched three times in the 
same color area. 
0061 FIG.20 is a principle illustration for a driving wave 
form of A waveform for existing dynamically driven field 
sequential color liquid crystal display being in the positive 
type. 
0062 FIG. 21 is a principle illustration for a driving wave 
form of A waveform for existing dynamically driven field 
sequential color liquid crystal display being in the negative 
type. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0063. In the embodiments of the present invention, most of 
the examples are illustrated by example of displays with the 
backlight having two or three different colors, however, it 
should be noted that, the present invention is similarly suit 
able for the displays with more than three different colors, 
such as displays with four or five different colors. When the 
backlight has two colors, both colors are preferably comple 
mentary. The most commonly used color combination of the 
backlight in the present invention is three primary colors 
including red, green and blue colors. 
0064. The general structure of the field sequential color 
liquid crystal display dynamically driven by passive arrays in 
the present invention includes a liquid crystal display screen, 
a backlight, a backlight driver and a liquid crystal display 
screen driver, wherein the backlight is set at the bottom or side 
of the liquid crystal display screen, and the backlight driver 
and the liquid crystal display screen driver drive the backlight 
and the liquid crystal display Screen respectively. The liquid 
crystal display may be a liquid crystal display with a select 
able and appropriate bias. The liquid crystal display in the 
present invention may be a liquid crystal display with each 
COM in each field being positively and negatively driven one 
time each. The liquid crystal display in the present invention 
may be any one of TN, STN, HTN, OCB and VA types of 
non-bistable state, dynamically driving field sequential color 
liquid crystal displays. The field sequential color liquid crys 
tal display dynamically driven by passive arrays is a dynami 
cally driven field sequential color liquid crystal display with 
a frame rate between 45 Hz and 80 Hz. 
0065. It should be noted that, the waveforms in the same 
field are required to be inversed during a dynamical drive, and 
two waveforms (i.e., A waveform and B waveform) can be 
used. A waveform is COM1(+)COM1(-)COM2(+)COM2 
(-), and B waveform is COM1(+)COM2(+)COM1(-)COM2 
(-). B waveform is used as an example in most of the disclo 
sure of the present invention. Of course. A waveform which is 
not used as an example is also applicable. 
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0066. The delay of the time when the backlight is turned 
on is preferably between 0.5 and 2.0 ms. 

Embodiment 1A 

0067. Referring to FIG. 1A, FIG. 1A is a principle illus 
tration for a driving waveform in the positive type of B wave 
form driven by 4 duty cycle according to the present inven 
tion. A TN type liquid crystal display in the positive type is 
used in this embodiment, with the bias being /3, and the OFF 
response time of liquid crystals being 10 ms. The LED back 
light with two different colors (red and cyan) is used, which is 
driven by 4 duty cycle, and the actual number of COMs is 4: 
each COM in the same field (colors are the same in the same 
field, the same hereinafter) is scanned twice in sequence, and 
the polarity is reversed once between positive and negative 
polarities. The frame frequency varies between 40 Hz and 60 
HZ. The non-scanning time varies between 0 ms and 11 ms. 
the actual Voltage which is applied on each liquid crystal pixel 
during the non-scanning time varies between OV and OFF 
voltage (which is 2V), and the respective waveforms of the 
COMs and SEGs during the non-scanning time are inversed 
once between positive and negative polarities, and the back 
light continues to be bright. 
0068. The frame frequency is defined as 40 Hz, and two 
kinds of color field occupy 12.5 ms respectively. All liquid 
crystal pixels are made to display red, and when the non 
scanning time is set as 0 ms, the red between different COMs 
in the same image is significantly different. 
0069. When the non-scanning time is extended gradually, 
the color difference between different COMs reduces gradu 
ally. Here, when the gradient of the non-scanning time is set 
as 0.5 ms, i.e., the non-scanning time is increased gradually 
from 0ms to 10 ms (i.e., carry out experiments at Oms, 0.5 ms. 
1 ms, 1.5 ms, 2 ms, 2.5 ms, 3 ms, 3.5 ms, 4 ms, 4.5 ms, 5 ms. 
5.5 ms, 6 ms, 6.5ms, 7 ms, 7.5ms, 8 ms, 8.5 ms, 9ms, 9.5 ms. 
10 ms), it is found that the improvement of the color differ 
ence is also effective from 1 ms until 10 ms. And, the longer 
the non-scanning time, the better the improvement of the 
color difference. However, if the non-scanning time contin 
ues to be increased, the driving Voltage which is required to be 
increased will be too large to use due to the Scanning time 
being too short. 
0070. In above embodiment, when the actual voltage 
applied on liquid crystal pixels during non-scanning time 
varies between OFF voltage and OV, the above results will not 
be changed. However, it is found that a little cross effects 
present on the liquid crystal pixels when the OFF voltage is 
applied. If the Voltage which is applied on the liquid crystal 
pixels during the non-scanning time is reduced, the cross 
effects will be reduced gradually. When the voltage is reduced 
to be 0 V, the cross effects essentially disappear. Conse 
quently, the Smaller the Voltage which is applied on the liquid 
crystal pixels during non-scanning time, the better it is, and 
the Voltage is preferably Zero Voltage. 
0071. In the above embodiment, when the frame fre 
quency is set as 40 Hz, there are sometimes flickers, and when 
the frame frequency is increased, the flickers will disappear. 
The frame frequency is preferably between 45 Hz and 60 Hz. 
However, when the frame frequency is increased, the time for 
each color field is reduced, and the length of the non-scanning 
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time is also reduced. At this time, the OFF response time of 
the liquid crystal pixels is required to be reduced correspond 
ingly. 

Embodiment 2 

Not Shown in the Drawings 

0072 A driving waveform in the positive type of B wave 
form driven by /s duty cycle according to the present inven 
tion utilizes a TN type liquid crystal display in the positive 
type, with the bias being /4, and the OFF response time of the 
liquid crystals being 6 ms. The LED backlight with three 
different colors (R, G and B) is used, which is driven by /s 
duty cycle, and the actual number of COMs is 8: each COM 
in the same to field is scanned twice in sequence, and the 
polarity is reversed once between positive and negative 
polarities. The frame frequency is set as 50 Hz. The non 
scanning time varies between 0 ms and 6 ms, the actual 
Voltage which is applied on each liquid crystal pixel during 
the non-scanning time is OV, and the backlight continues to be 
bright. 
(0073. When the frame frequency is set as 50 Hz, the three 
kinds of color field occupy 6.67 ms respectively. All liquid 
crystal pixels are made to display red, and when the non 
scanning time is set as 0 ms, the color difference between 
different COMs in the same image is significantly different. 
When the non-scanning time is extended gradually, the color 
difference between different COMs reduces gradually. When 
the gradient of the non-scanning time is set as 0.5ms, which 
is increased gradually from 0 ms to 6 ms, it is found that the 
improvement of the color difference is also effective, but the 
driving Voltage is required to be increased. If the non-scan 
ning time continues to be increased, the driving Voltage which 
is required to be increased will be too large to use due to the 
scanning time being too short. 

Embodiment 3 

(0074) Referring to FIG. 1, FIG. 1 is a principle illustration 
for a driving waveform in the positive type of B waveform 
driven by /2 duty cycle according to the present invention. 
The dotted line portion in the figure denotes the amount of 
light leakage. The illustrated area for the amount of light 
leakage is only depicted in FIGS. 1T and 10 in the present 
invention. There are also amounts of light leakage for related 
parts in other drawings, which can be obtained by analogy. 
0075 ATN type liquid crystal display in the positive type 

is used in the present embodiment, with the bias being /2, and 
the OFF response time of crystal liquids being 3 ms. The LED 
backlight with three different colors (R, G and B) is used, 
which is driven by /2 duty cycle, and the actual number of 
COMs is 2; each COM in the same field is scanned twice in 
sequence, and the polarity is reversed once between positive 
and negative polarities. The frame frequency is 60 Hz. The 
actual Voltage which is applied on the liquid crystal pixels is 
Zero Voltage when the non-scanning time is between 0 ms and 
4 ms, and the backlight continues to be bright. 
0076 All liquid crystal pixels are made to display red, and 
when the non-scanning time is set as 0 ms, the red of COM1 
and the red of COM2 in the same image are significantly 
different. 
0077. When the non-scanning time is set as 1 ms, the 
difference between red of COM1 and red of COM2 in the 
same image can be improved as most of the ascendant area of 



US 2011/0298840 A1 

green and blue transmission intensity for COM2 are over 
lapped by the non-scanning area. 
0078. When the non-scanning time is set as 3 ms, it is 
found that the ascendant area of green transmission intensity 
for COM2 is within the same green non-scanning area as 
COM1, and will not enter the blue area for the next frame, 
after inputting a red driving waveform from COM2; the 
ascendant area of blue transmission intensity for COM2 is 
within the same blue non-scanning area as COM1, and will 
not enter the red area for the next frame. The light leakages of 
both COMs are essentially the same, that is, the cumulative 
transmission light intensities for all liquid crystal pixels in 
each field are essentially the same, thus, achieving the red of 
COM1 and the red of COM2 in the same image being essen 
tially the same, as shown in FIG. 1. 
0079. When the non-scanning time is set as 4 ms, it is 
found that the red of COM1 and the red of COM2 are essen 
tially the same. However, the non-scanning time being too 
long will result in the time during which the Voltage is applied 
on the liquid crystal being too short. If the driving Voltage is 
not increased, the color will fade. 

Embodiment 4 

0080 Referring to FIG. 2, FIG. 2 is a principle illustration 
for a driving waveform in the positive type of B waveform 
driven by /3 duty cycle according to the present invention. A 
HTN type liquid crystal display in the positive type is used in 
the present embodiment, with the bias being /3, and the OFF 
response time of liquid crystals being 3 ms. The LED back 
light with three different colors (R, G and B) is used, which is 
driven by /3 duty cycle, and the actual number of COMs is 3: 
each COM in the same field is scanned twice in sequence, and 
the polarity is reversed once between positive and negative 
polarities. The frame frequency is 50 Hz. The actual voltage 
which is applied on each liquid crystal pixel during the non 
scanning time is OFF Voltage, and the backlight continues to 
be bright. 
0081 All the liquid crystal pixels are set to display red. 
During the process of adjusting the non-scanning time from 0 
ms to 4 ms, it is found that there is little difference among the 
red of COM1, the red of COM2 and the red of COM3 in the 
same image when the non-scanning time is between 1 mS and 
4 ms. And, once the Scanning time for each COM being larger 
than the ON response time of liquid crystals is satisfied, the 
scanning number for COMs in the same field being more than 
twice is beneficial to enhancing the purity of display colors. 

Embodiment 5 

I0082 Referring to FIG.3, FIG.3 is a principle illustration 
for a driving waveform in the positive type of B waveform 
driven by /2 duty cycle according to the present invention. A 
TN type liquid crystal display in the positive type is used in 
the present embodiment, with the OFF response time of liquid 
crystals being 3 ms. The LED backlight with two different 
colors (red and cyan) is used, which is driven by /2 duty cycle, 
and the actual number of COMs is 2; each COM in the same 
field is scanned twice in sequence, and the polarity is also 
reversed once between positive and negative polarities. The 
scanning sequences of the COMS in the same color (cyan) 
field to which two adjacent frames correspond respectively 
are opposite. The frame frequency is between 60 Hz and 80 
HZ. The non-scanning time is between 2 and 3 ms. The actual 
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Voltage which is applied on each liquid crystal pixel during 
the non-scanning time is 0 Voltage, and the backlight contin 
ues to be bright. 
I0083 All the liquid crystal pixels are made to display red. 
It is found that all red are completely uniform when the 
non-scanning time is 3 ms. When the scanning time is 2 ms. 
which is less than the OFF response time of liquid crystals 
with 3 ms, because the scanning sequences of the COMs in 
the same color field to which two adjacent frames correspond 
respectively are opposite, the red of COM1 and the red of 
COM2 are essentially the same. However, when the frame 
frequency is less than 70 Hz, the image will flicker. When the 
frame frequency is increased up to 70 Hz or more, the flicker 
will be controlled. 

Embodiment 6 

I0084. Referring to FIG.4, FIG. 4 is a principle illustration 
for a waveform in the positive type of B waveform driven by 
/3 duty cycle according to the present invention. ATN type 
liquid crystal display in the positive type is used in the present 
embodiment, with the OFF response time of liquid crystals 
being 3 ms. The backlight with three different colors (R, G 
and B) is used, which is driven by /3 duty cycle, and the actual 
number of COMs is 3; each COM in the same field is scanned 
in positive and negative directions respectively, and the polar 
ity is also reversed once between positive and negative polari 
ties. The frame frequency is between 50 Hz and 80 Hz. The 
non-scanning time is between 2 ms and 3 ms. The actual 
Voltage which is applied on each liquid crystal pixels during 
the non-scanning time is OFF Voltage, and the backlight 
continues to be bright. 
I0085 All the liquid crystal pixels are made to display red. 
It is found that all red are completely uniform when the 
non-scanning time is 3 ms. When the scanning time is 2 ms. 
which is less than the OFF response time of liquid crystals 
with 3 ms, because each COM in the same field is scanned in 
positive and negative directions respectively, the red of 
COM1, the red of COM2, and the red of COM3 are essen 
tially the same, with only little difference. 

Embodiment 7 

I0086) Referring to FIG.5, FIG.5 is a principle illustration 
for a driving waveform in the positive type of B waveform 
driven by /2 duty cycle according to the present invention. A 
HTN type liquid crystal display in the positive type is used in 
the present embodiment, with the bias being /2, and the OFF 
response time of liquid crystals being 3.5 ms. The LED back 
light with three different colors (R, G and B) is used, which is 
driven by /2 duty cycle, and the actual number of COMs is 2: 
each COM in the same field is scanned in positive and nega 
tive directions respectively, and the polarity is also reversed 
once between positive and negative polarities. The scanning 
sequences of the COMs in the same color field to which two 
adjacent frames correspond respectively are opposite. The 
frame frequency is between 60 Hz, and 80 Hz. The diagram 
illustrated in this figure is for 60 Hz. The non-scanning time 
is between 2.5 ms and 3.5 ms. The actual voltage which is 
applied on each liquid crystal pixel during the non-scanning 
time is 0 Voltage, and the backlight continues to be bright. 
I0087 All the liquid crystal pixels are made to display red. 
It is found that all red are completely uniform when the 
non-scanning time is 3.5 ms. When the scanning time is 2.5 
ms, which is less than the OFF response time of liquid crystals 
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with 3.5 ms, because the scanning sequences of the COMs in 
the same color field to which two adjacent frames correspond 
respectively are opposite, the red of COM1 and the red of 
COM2 are essentially the same, and because each COM in the 
same field is scanned in positive and negative directions 
respectively, the lowest frequency with which there is no 
flicker is reduced to 56 Hz. Consequently, the condition used 
by the present embodiment is the best one in the present 
invention. 

Embodiment 8 

I0088 Referring to FIG. 6, FIG. 6 is a principle illustration 
for a driving waveform in the positive type of B waveform 
driven by /3 duty cycle according to the present invention. A 
STN type liquid crystal display in the positive type is used in 
the present invention, with the bias being /3, and the OFF 
response time of liquid crystals being 4 ms. The LED back 
light with three different colors (R, G and B) is used, which is 
driven by /3 duty cycle, and the actual number of COMs is 3: 
each COM in the same field is scanned in positive and nega 
tive directions respectively, and the polarity is also reversed 
once between positive and negative polarities. The scanning 
sequences of the COMs in the same color field to which two 
adjacent frames correspond respectively are opposite. The 
frame frequency is between 60 Hz, and 80 Hz. The diagram 
illustrated in this figure is for 60 Hz. The actual voltage which 
is applied on each liquid crystal pixels is 0 Voltage when the 
non-scanning time is 3 ms, and the backlight continues to be 
bright. 
0089. It is found that the results are similar to those of 
embodiment 7. 

Embodiment 9 

0090 Referring to FIG. 7, FIG. 7 is a principle illustration 
for a driving waveform in the negative type of A waveform 
driven by /2 duty cycle according to the present invention. A 
VA type liquid crystal display in the negative type is used in 
the present embodiment, with the bias being /2, and the OFF 
response time of liquid crystals being 4 ms. The LED back 
light with two different colors (red and cyan) is used, which is 
driven by /2 duty cycle, and the actual number of COMs is 2: 
each COM in the same field is scanned twice in sequence, and 
the polarity is reversed once between positive and negative 
polarities. The frame frequency is 60 Hz. The actual voltage 
which is applied on each liquid crystal pixels is 0 Voltage 
when the non-scanning time is between 0 ms and 4 ms, and 
the backlight continues to be bright. 
0091. The results of this embodiment are similar to those 
of embodiment 3, which can also improves the color differ 
ence between COM1 and COM2 to some extent. 

Embodiment 10 

0092 Referring to FIG. 8, FIG. 8 is a principle illustration 
for a driving waveform in the positive type for a display with 
/3 duty cycle which is driven by a driving waveform with 4 
duty cycle. This embodiment is illustrated by a TN type field 
sequential color liquid crystal display dynamically driven by 
passive arrays in positive type, with the bias being /3, and the 
OFF response time of liquid crystals being 2 ms. The frame 
frequency is 60 Hz, thus, the time for each field is 5.6 ms, and 
the scanning time for each COM is 1.4 ms. As shown, the field 
sequential color liquid crystal display dynamically driven by 
passive arrays is a display with only three COMs, i.e., COM1, 

Dec. 8, 2011 

COM2 and COM3, which is a display with /3 duty cycle, 
However, this display is driven by a driving program with 4 
duty cycle, thus, COM1, COM2, and COM3 are applied with 
Voltage, and the driving waveform in the driving program 
with 4 duty cycle which should originally drive COM4 (not 
shown) is not used. Thus, the last display period of the 4 duty 
cycle is idle, and the idle display time for COM4 constitutes 
a non-scanning area with 1.4 ms. Consequently, the time is 
enough to ensure the ascendant area for the cyan transmission 
intensity is within the same cyan area after COM3 is scanned, 
which can ensure that thered in COM1, red in COM2, and red 
in COM3 are essentially the same. 
0093 Such driving method is the most economical one, 
which can select a driving chip with /3 duty cycle directly to 
drive a display with 2 COMs: select a driving chip with 4 
duty cycle directly to drive a display with 3 COMs: or select 
a driving chip with /s duty cycle directly to drive a display 
with 4 COMs, and so on. In this case, each COM in the same 
field may be scanned several times, and non-scanning time 
may be set several times. Of course, in above non-scanning 
area, the voltages between all COMs and SEGs are set as OFF 
voltage, being preferably 0 V. 
0094. In the actual production, depending on the speed of 
the OFF response for liquid crystal display, the driving chip 
with higher duty cycle may be used to drive a display with 
lower duty cycle, for example, the display with /2 duty cycle 
can be driven by the driving chip with /4, /s or even higher 
duty cycles; the display with /3 duty cycle can be driven by 
the driving chip with /5, /6 or even higher duty cycles, and so 
O. 

Embodiment 11 

0.095 FIG. 9 discloses an example of a field sequential 
color liquid crystal display in the negative type with 3 COMs 
which is driven by a driving program with 4 duty cycle. In 
practice, the effect can be achieved in the case that a display 
with 2 COMs is driven by a driving program with /3 duty 
cycle, a display with 4 COMs is driven by a driving program 
with /S duty cycle, and so on. 

Embodiment 12 

Not Shown in the Drawings 
0096. The conditions that each COM in the same field 
being scanned in positive and negative directions respectively 
and the scanning sequences of the COMS in the same color 
field to which two adjacent frames correspond respectively 
being opposite are added based on embodiment 8. It is found 
that the effect is better than that of embodiment 9. 
0097. The arrangements of waveform polarities in the 
present invention are not limited to those outlined in various 
embodiments described above; instead, there may be a variety 
of arrangements. For example, the waveform polarities can be 
reversed between positive and negative polarities, and can 
also be inversed between adjacent fields or frames. 
(0098. Most of above embodiments are illustrated by 
related examples of B waveform in positive type. In practice, 
B waveform and A waveform are interchangeable, and the 
positive type and negative type are also interchangeable. 
(0099 Most of above embodiments are illustrated by 
example of liquid crystal pixels with red, while the crystal 
pixels with other colors are also applicable. 
0100. In above embodiments, the colors of backlight are 
illustrated by three kind of elementary colors (R, G and B). In 
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practice, the colors in the present invention may be two or 
more kinds of colors, and the arrangement of these colors may 
be selected arbitrarily, that is, the arrangement of these colors 
is not limited to this embodiment. 
0101 The scan of COMs in above embodiments may start 
from any COM, and my also end at any COM. 
0102. In conclusion, the length of the non-scanning time in 
the present invention depends from the time which is required 
by the liquid crystal in the liquid crystal display to retrieve 
from the pressurized status to the initial status. In general, 
non-scanning time is preferably between 1 mS and 4 ms. 
0103 During non-scanning time, the voltages between all 
COMs and SEGs are less than or equal to OFF voltages, being 
preferably zero voltage. 
0104. In the present invention, the time when the backlight 

is turned on may lag behind the start time when the first COM 
is scanned, and the time when the backlight is turned on is 
referred as the delay of the time when the backlight is turned 
on, which is preferably selected between 0.5 ms and 2.0 ms. 
0105. The second solution of the present invention will be 
described in detail in conjunction with other attached draw 
ings. 
0106 Before describing the following embodiments in 
detail, a concept will be introduced based on FIG. 16, which 
is the total amount of light leakage, in order to facilitate to 
illustrate the following embodiments. 
0107 Referring to FIG. 16, FIG.16 is essentially the same 
as FIG. 10, the only difference is that the amount of light 
leakage for OFF Voltage is represented as diagonal part in 
FIG. 16, and the amount of light leakage for ON Voltage is 
represented as shaft-shaped diagonal part so as to illustrate 
the concept of total amount of light leakage. In FIG. 16, the 
sum of the amount of light leakage for OFF voltage and the 
amount of light leakage for ON Voltage corresponding to 
COM1 is the total amount of light leakage for COM1; and the 
sum of the amount of light leakage for OFF voltage and the 
amount of light leakage for ON Voltage corresponding to 
COM2 is the total amount of light leakage for COM2. 

Embodiment 13 

0108 Referring to FIG. 10, FIG. 10 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
form driven by /2 duty cycle according to the present inven 
tion. 
0109 ASTN type liquid crystal display in the positive 
type is used in the present embodiment, with the bias being /2, 
and the OFF response time of liquid crystals being 10 ms. The 
LED backlight with two different colors (red and cyan) is 
used, which is driven by /2 duty cycle, and the actual number 
of COMs is 2; each COM in the same field is scanned twice in 
sequence, and the polarity is reversed once between positive 
and negative polarities. The frame frequency is 45 Hz. The 
actual Voltage which is applied on liquid crystal pixels during 
non-scanning time and the time when the backlight is turned 
off is zero voltage. Of course, the waveforms for COMs and 
SEGs respectively may also be comprised of waveforms with 
positive and negative polarities, as shown in FIG. 10 (for 
clarity, FIG. 10 is not drawn to actual time scale). 
0110. In this embodiment, the scanning time is 1.1 ms, the 
non-scanning time is 7 ms, and the time when the backlight is 
turned off is 3 ms. The liquid crystal pixels of COM1 and 
COM2 are set to display red. It is found that the uniformity of 
red shown in FIG.10 is worse than that of the embodiments in 
which the time when the backlight is turned off is not set 
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under the same condition; while the contrast and purity of red 
are better than that of the embodiments in which the time 
when the backlight is turned off is not set under the same 
condition. The reason is that, in the embodiment shown in 
FIG. 10, the total amount of light leakage for the liquid crystal 
pixels which need to be turned off is reduced because the time 
when the backlight is turned off is set after the non-scanning 
time, thus increasing the contrast and purity of red. However, 
due to the existence of the time when the backlight is turned 
off, the reduction of the light leakage for OFF voltage of the 
COM2 in FIG. 10 is less than that for OFF voltage of COM1 
in FIG. 1 during the time when the backlight is turned off (the 
black triangle part in FIG. 10 denotes the difference between 
the total amount of light leakage therebetween, and the 
dashed box in FIG. 10 denotes the amount of light leakage 
during the time when the backlight is turned off). Conse 
quently, the total amount of light leakage for COM2 is larger 
than that for COM1, thus, there is little difference between the 
uniformity of red of COMs. However, if the time when the 
backlight is turned off is controlled in a proper range, there 
will be a balance for achieving better contrast and purity of 
colors. As the embodiment shown in FIG. 10, it is acceptable 
that if the time when the backlight is turned off is controlled 
in a proper range, the uniformity, contrast and purity of red 
will be better. 

0111 Similarly, the following experiments are carried out 
under the same conditions as above. 

0112. When the ratio between the non-scanning time and 
the time when the backlight is turned off is set as 7:3 and the 
Sum of the non-scanning time and the time when the backlight 
is turned off is reduced gradually, i.e., implementing the 
experiments using the Sums which are 9ms, 8 ms, 7 ms, 6 ms. 
5 ms, 4 ms, 3 ms, 2 ms and 1 ms respectively, then it is found 
that when the Sum is reduced, the driving Voltage of liquid 
crystal pixels becomes lower, the colors in the image become 
bright, while the difference between the red of COM1 and the 
red of COM2 becomes larger. The time which is the sum of 
the both needs to be adjusted appropriately based on the 
actual situation. 

0113. On the other hand, when the time which is the sum 
of the both is fixed to a proper position (for example, from 1 
ms to 10 ms) and the ratio between the non-scanning time and 
the time when the backlight is turned off is adjusted, it is 
found that the purity of colors when the ratio is 9:1 is better 
than that when the ratio is 10:0; when the ratio between the 
both continues to change to 8:2, 7:3, 6:4 and 5:5, it is found 
that the purity of colors becomes better gradually, however, 
the image becomes dark gradually, and the uniformity of 
colors becomes worse gradually. If the ratio between the both 
continues to be smaller, it will be found that the effect will be 
worse and not suitable for use. 

0114. In the present embodiment, besides the TN type 
field sequential color liquid crystal display, the STN, HTN, 
OCB, and VA types of non-bistable state, dynamically driving 
field sequential color liquid crystal displays are also used to 
implement experiments. In above experiments, the STN, 
HTN and OCB types of field sequential color liquid crystal 
displays use the positive type, and the VA type of non-bistable 
state, dynamically driving field sequential color liquid crystal 
display uses the negative type. Experimental results show that 
the above effects can be implemented, regardless of which 
type of field sequential color liquid crystal display is used, as 
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well as whether the field sequential color liquid crystal dis 
play in positive type or negative type is used. 

Embodiment 14 

0115 Referring to FIG. 11, FIG. 11 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
form driven by /3 duty cycle according to the present inven 
tion. 
0116 ATN type liquid crystal display in the positive type 

is used in the present embodiment, with the bias being /2, and 
the OFF response time of liquid crystals being 3 ms. The LED 
backlight with three different colors (R, G and B) is used, 
which is driven by /2 duty cycle, and the actual number of 
COMs is 2; each COM in the same field is scanned twice in 
sequence, and the polarity is reversed once between positive 
and negative polarities. The frame frequency is 60 Hz. The 
actual Voltage which is applied on liquid crystal pixels during 
non-scanning time and the time when the backlight is turned 
off is Zero Voltage. The sum of the non-scanning time and the 
time when the backlight is turned off varies between 1 ms and 
5 ms. (for clarity, FIG. 11 is not drawn to actual time scale). 
0117. In this embodiment, the scanning time is 2.6 ms, the 
non-scanning time is 2 ms, and the time when the backlight is 
turned off is 1 ms. The liquid crystal pixels of COM1 and 
COM2 are set to display red. It is found that the uniformity of 
red shown in FIG. 11 is worse than that of the embodiment 5; 
while the contrast and purity of red are better than that of the 
embodiment 5. The reason is the same as that described in the 
embodiment with respect to FIG. 10. 
0118 Similarly, the following experiments are carried out 
under the same conditions as above. 
0119 When the ratio between the non-scanning time and 
the time when the backlight is turned off is set as 2:1 and the 
Sum of the non-scanning time and the time when the backlight 
is turned off is reduced gradually, i.e., implementing the 
experiments using the Sums which are 5 ms, 4 ms, 3 ms, 2 ms. 
and 1 ms respectively, then it is found that when the sum is 
reduced, the colors of the liquid crystal pixels become bright, 
while the difference between the red of COM1 and the red of 
COM2 becomes larger. The time which is the sum of the both 
needs to be adjusted appropriately based on actual situation. 
0120. On the other hand, when the time which is the sum 
of the both is fixed to a proper position (for example, from 1 
ms to 5 ms) and the ratio between the non-scanning time and 
the time when the backlight is turned off is adjusted, it is 
found that the purity of colors when the ratio is 4:1 is better 
than that when the ratio is 5:0; when the ratio between the 
both continues to change to 3:2 and 1:1, it is found that the 
purity of colors becomes better gradually, however, the image 
becomes dark gradually, and the uniformity of colors 
becomes worse gradually. If the ratio between the both con 
tinues to be smaller, it will be found that the effect will be 
worse and not suitable for use. 
0121 Because the time when the backlight is turned off is 
added after the non-Scanning time, if the non-scanning time is 
lager than or equal to OFF response time of liquid crystals and 
then the backlight is turned off is added after the non-scan 
ning time, it can be ensured that the uniformity, contrast and 
purity of colors of liquid crystal display image will be better 
than those in the condition that the backlight continues to be 
bright. However, in practice, if the OFF response time is 
longer, it will result in the non-scanning time being forced to 
be extended, thus causing the total amount of light leakage 
being too much, the purity of colors becoming worse, and the 
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contrast becoming Smaller. Consequently, the non-scanning 
time is made to be less than the OFF response time of liquid 
crystals, and the time when the backlight is turned off is added 
after the non-scanning time, which enhances the purity of 
colors, while also causes little difference between the unifor 
mities of colors of COMs. In order to solve this problem, the 
following methods can be used: the first method is scanning 
each COM in the same field twice in sequence, and reversing 
the polarity once between positive and negative polarities, 
with the scanning sequences of the COMS in the same color 
field to which two adjacent frames correspond respectively 
being opposite; the second method is scanning each COM in 
the same field once in sequence, and reversing the polarity 
once between positive and negative polarities, with the scan 
ning sequences of the COMs in the same color field to which 
each frame correspond respectively being opposite; and the 
third method is scanning each COM in the same field once in 
sequence, and reversing the polarity once between positive 
and negative polarities, with not only the scanning sequences 
of the COMs in the same color field to which each frame 
correspond respectively being opposite, but also the scanning 
sequences of the COMs in the same color field to which two 
adjacent frames correspond respectively being opposite. 
Thus, the Sum of the non-scanning time and the time when the 
backlight is turned off can be implemented to not be too long, 
and the uniformity, contrast and purity of colors shown on 
displays can be implemented to be within an acceptable 
range. The above three conditions will be illustrated in con 
junction with the following accompanying drawings respec 
tively. 

Embodiment 15 

0.122 Referring to FIG. 12, FIG. 12 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
form driven by /2 duty cycle according to the present inven 
tion. A TN type liquid crystal display in the positive type is 
used in the present embodiment, with the OFF response time 
of liquid crystals being 3 ms. The LED backlight with two 
different colors (red and cyan) is used, which is driven by /2 
duty cycle, and the actual number of COMs is 2: each COM 
in the same field is scanned twice in sequence, and the polarity 
is also reversed once between positive and negative polarities. 
The Scanning sequences of the COMS in the same color 
(cyan) field to which two adjacent frames correspond respec 
tively are opposite. The frame frequency is between 40 Hz 
and 80 Hz. The non-scanning time is between 1 ms and 5 ms. 
the time when the backlight is turned off varies between 0 ms 
and 5 ms, the Sum of the non-scanning time and the time when 
the backlight is turned off varies between 1 ms and 5 ms, and 
the actual Voltage which is applied on the liquid crystal pixels 
within the non-scanning time and the time when the backlight 
is turned off is Zero Voltage. 
(0123. The embodiment shown in FIG. 12 is the condition 
that each COM in the same field is scanned twice in sequence, 
the polarity is also reversed once between positive and nega 
tive polarities, and the scanning sequences of the COMS in the 
same color field to which two adjacent frames correspond 
respectively are opposite. It can be understood from this 
figure that because the scanning sequences of the COMS in 
the same color field to which two adjacent frames correspond 
respectively are opposite, although the total amounts of light 
leakage for COM1 and COM2 are not identical due to the 
existence of time when the backlight is turned off, the unifor 
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mity of colors shown on displays will not be effected too 
much because the red of COM1 and COM2 is compensated in 
the second frame. 

Embodiment 16 

(0.124 Referring to FIG. 13, FIG. 13 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
form driven by /3 duty cycle according to the present inven 
tion. A TN type liquid crystal display in the positive type is 
used in the present invention, with the OFF response time 
being 3 ms. The backlight with three different colors (R, G 
and B) is used, which is driven by /3 duty cycle, and the actual 
number of COMs is 3; each COM in the same field is scanned 
in positive and negative directions respectively, and the polar 
ity is also reversed once between positive and negative polari 
ties. The frame frequency is between 45 Hz and 80 Hz. The 
non-scanning time is between 2 ms and 3 ms, the time when 
the backlight is turned off varies between 0 ms and 3 ms, the 
Sum of the non-scanning time and the time when the backlight 
is turned off is between 2 ms and 3 ms, and the actual Voltage 
which is applied on the liquid crystal pixels within the non 
scanning time and the time when the backlight is turned offis 
OFF voltage. 
0.125 All the liquid crystal pixels are made to display red. 

It is found that all red are completely uniform when the 
non-scanning time is 3 ms. When the Scanning time is 2 ms. 
which is less than the OFF response time of liquid crystals 
with 3 ms, and the time when the backlight is turned off is 1 
ms, the red of COM1, COM2 and COM3 are essentially the 
same because each COM in the same field is scanned in 
positive and negative directions respectively. 

Embodiment 17 

0126 Referring to FIG. 14, FIG. 14 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
form driven by /2 duty cycle according to the present inven 
tion. A TN type liquid crystal display in the positive type is 
used in the present invention, with the bias being /2, and the 
OFF response time of liquid crystals being 3.5 ms. The LED 
backlight with three different colors (R, G and B) is used, 
which is driven by /2 duty cycle, and the actual number of 
COMs is 2; each COM in the same field is scanned in positive 
and negative directions respectively, and the polarity is also 
reversed once between positive and negative polarities. The 
scanning sequences of the COMS in the same color field to 
which two adjacent frames correspond respectively are oppo 
site. The frame frequency is between 60 Hz and 80 Hz. The 
Sum of the non-scanning time and the time when the backlight 
is turned off is between 1 ms and 5 ms, and the actual voltage 
which is applied on the liquid crystal pixels within the non 
scanning time and the time when the backlight is turned offis 
Zero Voltage. 
0127. All the liquid crystal pixels are made to display red. 

It is found that all red are completely uniform when the 
non-scanning time is 3.5 ms. When the scanning time is 2.5 
ms, which is less than the OFF response time of liquid crystals 
with 3.5 ms, and the time when the backlight is turned off is 
1 ms, the red of COM1 and COM2 are essentially the same 
because the scanning sequences of the COMS in the same 
color field to which two adjacent frames correspond respec 
tively are opposite. 

Embodiment 18 

0128 Referring to FIG. 15, FIG. 15 is a principle illustra 
tion for a driving waveform in the positive type of B wave 
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form driven by /3 duty cycle according to the present inven 
tion. A TN type liquid crystal display in the positive type is 
used in the present embodiment, with the bias being /2, and 
the OFF response time being 4 ms. The LED backlight with 
three different colors (R, G and B) is used, which is driven by 
/3 duty cycle, and the actual number of COMs is 3; each COM 
in the same field is scanned in positive and negative directions 
respectively, and the polarity is also reversed once between 
positive and negative polarities. The scanning sequences of 
the COMs in the same color field to which two adjacent 
frames correspond respectively are opposite. The frame fre 
quency is 60 Hz. The non-scanning time is 3 ms, the time 
when the backlight is turned off varies between 0 ms and 4 ms. 
the Sum of the non-scanning time and the time when the 
backlight is turned off varies between 0 ms and 4 ms, and the 
actual Voltage which is applied on the liquid crystal pixels 
within the non-scanning time is turned off is Zero Voltage. 
0129. It is found that the results are similar with those of 
embodiments illustrated in FIG. 14. 

Embodiment 19 

0.130. A driving waveform according to the present inven 
tion is used, with B waveform driven by /16 duty cycle being 
in the positive type (not shown in the drawings). A HTN type 
liquid crystal display in the positive type is used, with the bias 
being /s, and the OFF response time being 4 ms. The LED 
backlight with three different colors (R, G and B) is used, 
which is driven by /16 duty cycle, and the actual number of 
COMs is 16; each COM in the same field is scanned in 
positive and negative directions respectively, and the polarity 
is also reversed once between positive and negative polarities. 
The scanning sequences of the COMs in the same color field 
to which two adjacent frames correspond respectively are 
opposite. The frame frequency is 60 Hz. The non-scanning 
time is between 1 ms and 4 ms, the time when the backlight is 
turned off varies between 0 ms and 4 ms, and the actual 
Voltage which is applied on the liquid crystal pixels within the 
non-scanning time and the time when the backlight is turned 
off is Zero Voltage. 
0.131. It is found that the results are similar with those of 
embodiment 5. If the non-scanning time is set as 2 ms, the 
time when the backlight is turned off will be 1.5 ms. When the 
delay of time when the backlight is turned on (the time when 
the backlight is turned on lags behind the start time when the 
first COM is scanned) is 0.8 ms, the dot-matrix color images 
of 16* 128 pixels will be well displayed on above liquid crys 
tal displays. 

Embodiment 20 

(0132 Referring to FIG. 17, FIG. 17 is a color illustration 
according to the present invention, with a backlight compris 
ing two groups of colors and liquid crystal pixels being 
switched twice in the same color area. As shown in FIG. 17, 
when the backlight comprises two groups of colors, for 
example, one group of red (R) and one group of green (G) in 
FIG. 17 (the LED lights corresponding to these colors can be 
used), abundant colors can be achieved by adjusting the times 
for which the crystal pixels are switched. As shown in the first 
row in FIG. 17, if the red light and the green light each is 
switched once, the dark yellow will be present; in the second 
row, if the red light and the greenlight are switched twice, the 
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yellow will be present; and in the third row, if the red light is 
Switched twice and the green light is Switched once, the 
orange will be present. 

Embodiment 21 

0133) Referring to FIG. 18, FIG. 18 is a color illustration 
according to the present invention, with a backlight compris 
ing three groups of colors and liquid crystal pixels being 
switched twice in the same color area. As shown in FIG. 18, 
the red (R) LED light, the green (G) LED light and the blue 
(B) LED light of the backlight of the dynamically driven field 
sequential color liquid crystal display are driven at a normal 
frequency, and displayed in cycles of RGB and RGB in turn. 
However, during the time when each single color (red, green 
or blue) is displayed, the time when the liquid crystal pixels 
are turned on or off is only one half of the time when each 
single color is displayed (Of course, the time when the liquid 
crystal pixels are turned on or off may not be one half of the 
time when each single color is displayed, while it may be less 
than or larger than one half of the time when each single color 
is displayed. As long as liquid crystal pixels can be turned on 
or off twice, the adjustment of dynamically driven field 
sequential color liquid crystal display can also be achieved.), 
that is, the liquid crystal pixels may be turned on twice or 
turned off twice, or turned on and off each once. 
0134. In this way, as shown in the first row of FIG. 18, 
when the backlight is red, the liquid crystal pixels will be 
turned on once, with the time being one half of the time when 
to red is displayed, and the liquid crystal pixels will be turned 
off at other times, and at this time, dark red is present on the 
dynamically driven field sequential color liquid crystal dis 
play; as shown in the second row of FIG. 18, when the 
backlight is red, the liquid crystal pixels will be turned on 
twice continuously, and the liquid crystal pixels will be turned 
off at other times, and at this time, red is present on the 
dynamically driven field sequential color liquid crystal dis 
play; the third row is dark green, the fourth row is green, and 
so on. 27 kinds of colors may be obtained by such combina 
tions. In this way, the colors displayed on the dynamically 
driven field sequential color liquid crystal display will be 
enriched. 

Embodiment 22 

0135 Referring to FIG. 19, FIG. 19 is a color illustration 
according to the present invention, with a backlight compris 
ing three groups of colors and liquid crystal pixels being 
switched three times in the same color area. Compared to the 
content illustrated in FIG. 18, the basic principle is essentially 
the same of the content illustrated in FIG. 19, and the differ 
ence is that in FIG. 19, the red (R) LED light, the green (G) 
LED light and the blue (B) LED light of the backlight of the 
dynamically driven field sequential color liquid crystal dis 
play are also driven at a normal frequency, and displayed in 
cycles of RGB and RGB in turn. However, during the time 
when each single color (red, green or blue) is displayed, the 
time when the liquid crystal pixels are turned on or off is only 
one third of the time when each single color is displayed (it 
may also be less than or larger than one third), that is, the 
liquid crystal pixels may be turned on third times or turned off 
third times. 

0136. In this way, as shown in the first row of FIG. 19, 
when the backlight is red, the liquid crystal pixels will be 
turned on only once, with the time being one third of the time 
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when red is displayed, and the liquid crystal pixels will be 
turned off at other times, and at this time, reddish color is 
present on the dynamically driven field sequential color liquid 
crystal display; as shown in the second row of FIG. 19, when 
the backlight is red, the liquid crystal pixels will be turned on 
twice continuously, and the liquid crystal pixels will be turned 
off at other times, and at this time, dark red is present on the 
dynamically driven field sequential color liquid crystal dis 
play; as shown in the third row of FIG. 19, when the backlight 
is red, the liquid crystal pixels will be turned on three times 
continuously, and the liquid crystal pixels will be turned offat 
other times, and at this time, red is present on the dynamically 
driven field sequential color liquid crystal display; similarly, 
the colors displayed on the dynamically driven field sequen 
tial color liquid crystal display are greenish color, dark green, 
green, and so on. 64 kinds of colors may be obtained by Such 
combinations. In this way, the colors displayed on the 
dynamically driven field sequential color liquid crystal dis 
play will be enriched. 
0.137 If the time when the liquid crystal pixels are turned 
on or off each time occupies one fourth, one fifth, etc of the 
time when single color of backlight is displayed, 125,216, etc 
different kinds of colors will be combined in this way. 

1-22. (canceled) 
23. A driving method for dynamically driving a field 

sequential color liquid crystal display with a backlight having 
at least two different colors, comprising: 

providing a field comprising a scanning time and a non 
scanning time of COMs; 

providing a frame consisting of a plurality of fields; and 
driving all liquid crystal pixels by scanning each COM in a 

certain order during the scanning time, 
wherein the non-scanning time is a time during which all 

liquid crystal pixels are not driven while the backlight 
continues to be bright after the scanning time, and the 
non-scanning time is between 1 mS and 10 ms. 

24. The driving method, as recited in claim 23, wherein the 
non-scanning time is between 1 mS and 4 ms. 

25. The driving method, as recited in claim 23, wherein 
each COM is scanned two or more times during the scanning 
time of a same field, and the Scanning sequences of two 
adjacent scans are opposite. 

26. The driving method, as recited in claim 23, wherein the 
scanning sequences of the COMS in a same color field to 
which two adjacent frames correspond respectively are oppo 
site. 

27. The driving method, as recited in claim 24, wherein 
each COM is scanned two or more times during the scanning 
time of the same field, and the scanning sequences of two 
adjacent scans are opposite. 

28. The driving method, as recited in claim 23, wherein 
voltages between all COMs and SEGs within the non-scan 
ning time are equal to or less than an OFF Voltage, or equal to 
Zero Voltage. 

29. The driving method, as recited in claim 23, wherein the 
field sequential color liquid crystal display dynamically 
driven by passive arrays is a dynamically driven field sequen 
tial color liquid crystal display with a frame rate between 45 
HZ and 80 HZ. 

30. The driving method, as recited in claim 23, wherein a 
time when the backlight is turned on lags behind a start time 
when the COM is initially scanned, a delay of the time when 
the backlight is turned on is between 0.5 and 2.0 ms. 
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31. The driving method, as recited in claim 23, wherein an 
inverse of a duty cycle of a driving waveform for the field 
sequential color liquid crystal display dynamically driven by 
passive arrays is larger than and equal to the actual number of 
COMs for the display. 

32. The driving method, as recited in claim 23, wherein 
during the scanning time when the color liquid crystal display 
shows one image, each backlight is displayed once, while the 
times for which the crystal pixels are switched in the same 
color area of the backlight are larger than or equal to twice. 

33. A driving method for dynamically driving a field 
sequential color liquid crystal display with a backlight having 
at least two different colors, comprising: 

providing a field comprising a scanning time, a non-scan 
ning time of COMs and a time when the backlight is 
turned off 

providing a frame consisting of a plurality of fields; and 
driving all liquid crystal pixels by Scanning each COM in a 

certain order during the Scanning time, 
wherein the non-scanning time is a time during which all 

liquid crystal pixels are not driven while the backlight 
continues to be bright after the scanning time, the time 
when the backlight is turned off is a time when all liquid 
crystal pixels are not driven while the backlight is turned 
off after the non-scanning time, wherein a sum of the 
non-scanning time and the time when the backlight is 
turned off is between larger than or equal to 1 mS andless 
than or equal to 10 ms. 

34. The driving method, as recited in claim 33, wherein the 
Sum of the non-scanning time and the time when the backlight 
is turned off is between larger than or equal to 1 mS and less 
than or equal to 5 ms. 

35. The driving method, as recited in claim 33, wherein the 
time when the backlight is turned off is less than or equal to 
the non-scanning time. 
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36. The driving method, as recited in claim 33, wherein 
during the scanning time for a same field, each COM is 
scanned twice or more times, and scanning sequences of two 
adjacent scans are opposite. 

37. The driving method, as recited in claim 33, wherein 
scanning sequences of the COMS in a same color field to 
which two adjacent frames correspond respectively are oppo 
site. 

38. The driving method, as recited in claim 33, wherein 
voltages between all COMs and SEGs within the non-scan 
ning time and the time when the backlight is turned off are 
equal to or less than an OFF Voltage, or equal to Zero Voltage. 

39. The driving method, as recited in claim 33, wherein the 
time when the backlight is turned on lags behind a start time 
when the COM is initially scanned, wherein a delay of the 
time when the backlight is turned on is between larger than or 
equal to 0.5 ms and less than or equal to 2.0 ms. 

40. The driving method, as recited in claim 33, wherein the 
field sequential color liquid crystal display dynamically 
driven by passive arrays is a dynamically driven field sequen 
tial color liquid crystal display with a frame rate between 45 
HZ and 80 HZ. 

41. The driving method, as recited in claim 33, wherein the 
liquid crystal display is any one of TN, STN, HTN, OCB and 
VA types of non-bistable state, dynamically driving field 
sequential color liquid crystal displays. 

42. The driving method, as recited in claim 33, wherein 
during the Scanning time when the color liquid crystal display 
shows one image, the backlights each is displayed once, while 
the times for which the crystal pixels are switched in the same 
color area of the backlight are larger than or equal to twice. 

c c c c c 


